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(67)  Example embodiments describe a network ele-
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(L1-L20) between an access node and terminal nodes
into G point-to-multipoint, P2MP, groups (G1-G5) shar-
ing a communication bandwidth; ii) obtain line character-
istics indicative for a spectral efficiency of the respective
communication lines over the communication bandwidth;
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iii) select subsets comprising a first communication line
with a low spectral efficiency selected from the G com-
munication lines (321) with the lowest spectral efficien-
cies and a second communication line with a high spec-
tral efficiency selected from the G communication lines
(324) with the highest spectral efficiencies, and iv) assign
the subsets to different P2MP groups.
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Description
Technical Field

[0001] Various example embodiments relate to a network element and method for grouping communication lines
between an access node and terminal nodes into point-to-multipoint groups sharing a communication bandwidth.

Background

[0002] An access node connects upstream terminal nodes by a plurality of communication lines, for example by twisted
pair cables or coaxial cables. In order to save on processing elements in the access node, the communication lines may
be grouped together in so-called point-to-multipoint, P2MP, groups. Communication lines within a P2MP then share the
communication bandwidth in upstream, downstream or both.

Summary

[0003] Itis anaim ofthe presentdisclosure to provide an optimal grouping of communication lines in such P2MP groups.
[0004] This object is achieved, according to a first example aspect of the present disclosure, by a network element
comprising at least one processor and at least one memory including computer program code, the at least one memory
and computer program code configured to, with the at least one processor, cause the network element to:

- group N communication lines between an access node and terminal nodes into G point-to-multipoint, P2MP, groups
sharing a communication bandwidth;

- obtain line characteristics indicative for a spectral efficiency of the respective communication lines over the com-
munication bandwidth,

- select subsets comprising a first communication line with a low spectral efficiency selected from the G communication
lines with the lowest spectral efficiencies and a second communication line with a high spectral efficiency selected
from the G communication lines with the highest spectral efficiencies, and

- assign the subsets to different P2MP groups.

[0005] In otherwords, the P2MP grouping is performed according to the spectral efficiency of the communication lines.
More particular, a communication line with one of the lowest and, thus, worst spectral efficiencies is assigned together
with a communication line with one of the highest and, thus, best spectral efficiencies. As further described, such
combination results in a grouping with a maximized per-group full load minimum sustainable rate, i.e. the data rate that
can be achieved by all terminal nodes in a P2MP group when all terminal nodes are subject to full traffic load will be
maximized by performing the claimed grouping. In other words, the minimum sustainable rate is maximized. Furthermore,
by decoupling the grouping process from e.g. the further bandwidth allocation, a complex joint optimization process that
takes both the grouping and FDMA allocation into account is avoided. Because of this, the above described grouping
and allocation is scalable to a large number of communication lines and groups. Furthermore, the above described
grouping process may be performed during an initializing process of the communication lines when line characterization
metrics are already known during initialization.

[0006] Spectral efficiency may be further understood as the information rate that could be transmitted over a respective
communication line within a portion or the complete shared communication bandwidth. A Line characteristic may then
be related to one or more measures of the spectral efficiency.

[0007] For example, the line characteristics may relate to at least one of:

- physical lengths of the respective communication lines;

- electrical lengths of the respective communication lines;

- data rates achievable over the respective communication lines;

- maximum supported frequencies of the respective communication lines;

- tone bit loadings achievable over the respective communication lines; and
- channel characteristics of the respective communication lines.

[0008] The length of a communication line, either physical or electrical, is a measure of the spectral efficiency in a
wired communication system because the longer the communication line, the lower the spectral efficiency. Furthermore,
the electrical length may be easily obtained in communication systems and is typically already available at initialization.
More granular line characteristics such as the channel characteristics or even the possible bit loadings on a per tone
basis provide a more detailed measure of the spectral efficiency allowing characterizing more complex communication
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systems more accurately. The maximum supported frequency is the highest frequency or tone onto which bits can be
loaded.

[0009] These line characteristics may be obtained from the respective transceivers at the access node and/or terminal
nodes that are connected to the respective communication lines. Alternatively, or complementary, these characteristics
may be obtained from other entities within a communication system such as from a vector control entity, VCE, or more
upstream from a network managing entity.

[0010] According to an example embodiment, the at least one memory and computer program code are further con-
figured to, with the atleast one processor, cause the network element to weigh the obtained line characteristics according
to targeted data rates for the respective communication lines.

[0011] Not all communication lines may be treated equally, i.e. some communication lines may be allowed communi-
cation at a higher data rate than other communication lines, i.e. may be allowed to have a higher targeted data rate. By
weighing the obtained line characteristics according to these unequal targeted data rates, the grouping will already take
into account this inequality.

[0012] Accordingto anexample embodimentthe subsets are selected such that the first communication line is selected
from lowest spectral efficiency to highest spectral efficiency and combined with the second communication line selected
from highest spectral efficiency to lowest quality spectral efficiency.

[0013] In other words, a first subset having the communication line with the lowest spectral efficiency and the com-
munication line with the highest spectral efficiency is assigned to a first P2MP group. Then, a second subset having the
communication line with the second lowest spectral efficiency and the communication line with the second highest
spectral efficiency may be assigned to a second P2MP group. This process may be repeated until G communication
lines with the lowest and and G communication lines with the highest spectral efficiency are assigned to G different
P2MP groups. This assigning scheme further optimizes the minimum sustainable data rate of the communication system.
[0014] According to an example embodiment the at least one memory and computer program code are further con-
figured to, with the atleast one processor, cause the network element to iteratively select and assign a first communication
line from the further G communication lines with the lowest spectral efficiency together with a second communication
line from the further G communication lines with the highest spectral efficiency.

[0015] In other words, the same kind of grouping is performed for the next G or remaining communication lines with
the lowest spectral efficiency and the next G or remaining communication lines with the highest spectral efficiency. This
process may be repeated until all communication lines are assigned to one of the P2MP groups. This assigning scheme
further optimizes the minimum sustainable data rate of the communication system.

[0016] According to an example embodiment, for each iteration, the first communication line is selected from lowest
spectral efficiency to highest spectral efficiency and combined with the second communication line selected from highest
spectral efficiency to lowest spectral efficiency.

[0017] Alternatively, communication lines are selected and assigned such that iterations alternate between selecting
the first communication line from lowest spectral efficiency to highest spectral efficiency combined with selecting the
second communication line from highest spectral efficiency to lowest spectral efficiency and, in a next iteration, selecting
the first communication line from highest spectral efficiency to lowest spectral efficiency combined with selecting the
second communication line from lowest spectral efficiency to highest spectral efficiency.

[0018] This way of grouping will result that the communication lines between adjacent iterations will appear as pairs
with similar spectral efficiencies within the same group together with the communication line with the best and worse
spectral efficiency. Within a full duplex, FDX, communication system this increases the lines of such pairs are at similar
distance from the access node and experience high mutual near-end cross-talk, NEXT. By grouping such lines, the FDX
spectral efficiency increases thereby freeing up spectrum for the weaker communication lines in the group.

[0019] The iterating may be further performed until, upon a last iteration, remaining communication lines with the
lowest spectral efficiency are selected together with the remaining communication lines with the highest spectral effi-
ciency.

[0020] Alternatively, or complementary, upon a last iteration, remaining communication lines are individually assigned
to the different groups.

[0021] This results in an optimal grouping when, upon the last iteration, the amount of remaining lines is smaller than
two times the number of groups, i.e. < 2*G.

[0022] Accordingtoexample embodiments, the atleastone memory and computer program code are further configured
to, with the at least one processor, cause the network element to, after the grouping and upon joining of an additional
communication line:

- obtain the line characteristic of the additional communication line;
- assign the additional communication line to one of the G P2MP groups according to the line characteristics of the
communication lines.
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[0023] Alternatively, the at least one memory and computer program code are further configured to, with the at least
one processor, cause the network element to, after the grouping and upon joining of an additional communication line,
regroup the N+1 communication lines into the G point-to-multipoint, P2MP, groups.

[0024] The network element according to any of claim 1 to 13 wherein the at least one memory and computer program
code are further configured to, with the at least one processor, cause the network element to allocate frequency bands
and/or time slots to the communication lines in the respective G point-to-multipoint, P2MP, groups.

[0025] According to a second example aspect a method is disclosed comprising:

- grouping N communication lines between an access node and terminal nodes into G point-to-multipoint, P2MP,
groups sharing a communication bandwidth;

- obtaining line characteristics indicative for a spectral efficiency of the respective communication lines over the
communication bandwidth,

- selecting subsets comprising a first communication line with a low spectral efficiency selected from the G commu-
nication lines with the lowest spectral efficiencies and a second communication line with a high spectral efficiency
selected from the G communication lines with the highest spectral efficiencies, and

- assigning the subsets to different P2MP groups.

Brief Description of the Drawings

[0026] Some example embodiments will now be described with reference to the accompanying drawings.

Fig. 1 shows an example embodiment of a communication system wherein communication lines are grouped into
point-to-multi-point groups;

Fig. 2 shows an example of a frequency band allocation for the communication system of Fig. 1;
Fig. 3 shows an example embodiment of a point-to-multi-point grouping of communication lines;
Fig. 4 shows another example embodiment of a point-to-multi-point grouping of communication lines;

Fig. 5 shows steps executed by a network element for performing a point-to-multi-point grouping of communication
lines;

Fig. 6 shows a plot with bit loadings of communication lines within a communication system;

Fig. 7 shows a plot with minimum sustainable rates of communication lines within a communication for different
groupings of the communication lines; and

Fig. 8 shows an example embodiment of a suitable computing system 800 for performing one or several steps in
embodiments of the invention.

Detailed Description of Embodiment(s)

[0027] The present disclosure relates to the grouping of communication lines between an access node and terminal
nodes into point-to-multipoint groups sharing a communication bandwidth within a communication system. Fig. 1 shown
an example embodiment of such a communication system 101. The system comprises an access node 100 connected
to terminal nodes 111-117 by respective communication lines 131-137. Access node 100 comprises transceivers 141-147
for transmitting and receiving communication signals onto and from the communication lines 131-137. Terminal nodes
111-117 also comprise such transceivers (not shown in Fig. 1). Communication system 101 is further configured to
group communication lines 131-137 into point-to-multi-point, P2MP, groups, e.g. groups 121, 122, 123. Communication
lines within such a P2MP group share the communication bandwidth and, hence, cannot communicate simultaneously
within the same frequency band or channel and time slot. The communication system 101 may be configured to apply
frequency division mechanisms to provide portions of the communication bandwidth to the different terminal nodes, e.g.
apply a frequency-division multiple access, FDMA, allocation scheme. The communication system 101 may further be
configured to apply time division mechanisms to provide different transmit opportunities to the different terminal nodes,
e.g. apply a time-division multiple access, TDMA, scheme.

[0028] P2MP grouping of communication lines may be applied within communication systems that operate according
to the G.mgfast DSL communication standard project under ITU-T SG15.
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[0029] Fig. 2 shows an example of an such an FDMA allocation within communication system 101. Within group 121,
communication line 131 is assigned a first lower portion 211 of the communication bandwidth 201, communication line
132 is assigned a second middle portion 212 of the communication bandwidth 201 and communication line 133 is
assigned a third higher portion 213 of the communication bandwidth 201. In a similar way, within group 122, communi-
cation line 135 is assigned a first lower portion 215 of the communication bandwidth 201 and communication line 134
is assigned a second higher portion 214 of the communication bandwidth 201; and within group 123, communication
line 136 is assigned a first lower portion 216 of the communication bandwidth 201 and communication line 137 is assigned
a second higher portion 217 of the communication bandwidth 201.

[0030] Communication system 101 may further be partly or completely configured as a full-duplex communication
system allowing simultaneous upstream and downstream communication within a same frequency band and time slot.
Communication system 101 may also be configured for half-duplex communication by performing upstream and down-
stream communication within different time slots and/or within different frequency bands.

[0031] Communication lines 131-137 may further be partly or completely bundled in a cable bundle 130. By such
bundling, communication signals from one communication line may couple as cross-talk onto other communication lines.
Depending on the type of coupling the cross-talk may be referred to as near-end cross-talk, NEXT, far-end cross-talk,
FEXT, and echo. At the access node 100, cross-talk may be pre- and post-compensated by vectoring. To this end,
access node 100 may comprise a so-called vector control entity, VCE, 140 that is configured to determine vectoring
coefficients for performing the compensation based on the channel characteristics of the communication system 101.
[0032] The main purpose of P2MP grouping is to save on resources, in particular within the access node 100, in
exchange for maximum data rate of the communication system 101. For a communication system with a number of N
communication lines that are to be assigned to a number of G P2MP groups, there exist a lot of possibilities. However,
different groupings will result in very different performances, even when thereafter the FDMA allocation within a group
is performed in the most ideal manner.

[0033] To this end, Fig. 5 illustrates steps performed for grouping N communication lines within G P2MP groups
according to an exemplary embodiment. In afirst step 501, line characteristics of the N communication lines are obtained.
A line characteristic of a communication line is indicative for a spectral efficiency of the communication line and thereby
provides an indication of the information rate that could be achieved over the communication line within a portion of or
within the complete communication bandwidth. As such, the line characteristic may relate to at least one of:

- the physical length of the communication line;

- the electrical length of the communication line;

- the data rate achievable over the communication line;

- maximum supported frequencies of the respective communication lines;
- the tone bit loadings achievable over the communication line; and

- the channel characteristics of the respective communication lines.

[0034] The physical length may for example be obtained from an upstream network manager. A short communication
line will typically occupy a much larger bandwidth than a longer communication line which can only communicate in the
lower frequency bands. The physical length may therefore be considered inversely proportional to the spectral efficiency.
The electrical length on its turn may be considered as an estimate of the loop length of the communication line which is
proportional to the physical length and, hence, inversely proportional to the spectral efficiency. The electrical length may
be further defined as:

kl, = AVERAGE (%) [dBMHZz]

wherein ki is the electrical length, k is the transmission line propagation constant, f; is a frequency within the commu-
nication bandwidth expressed in MHz, e.g., the subcarrier frequency, loss(f;) ;g is the signal loss over the communication
line at frequency f; expressed in decibel (dB), and average is the averaging operator over all the considered frequencies
f. In contrast to the physical length, the electrical length indirectly includes distortions exhibited on the communication
line, e.g. cable imperfections or bridged taps. The electrical length of the communication line may be indicative for the
maximum data rate that is achievable over the communication bandwidth and is considered inversely proportional to
the spectral efficiency. The tone bitloadings are the amount of bits than can be loaded onto each tone of the communication
bandwidth when applying an orthogonal frequency division multiplexing, OFDM, as is the case in G.mgfast. The tone
bit loadings may be considered a more granular representation of the achievable data rate. The maximum supported
frequency may be understood as the highest frequency or tone onto which bits can be loaded, i.e., has a bit loading
greater than zero. The channel characteristics are indicative for the physical characteristics of the communication channel
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facilitated by the communication line. The channel characteristics may for example be expressed by a transfer function,
e.g. the attenuation as a function of frequency, expressing how communication signals are influenced by the communi-
cation line.

[0035] The line characteristics may be obtained in different ways from different networking elements. The physical
length may for example be obtained from a network managing entity 150 located upstream in the access network. The
electrical length may be obtained from the transceivers 141-147 connected to the respective communication lines. The
electrical lengths and, therefrom, the physical length may then be estimated during initializing of the communication
system 101. The tone bit loadings may be retrieved from the transceivers or from the vector control entity 140. The data
rate per communication band may be derived from the tone bit loadings, or reported directly by the transceivers. Other
line characteristics such as channel characteristics may also be retrieved from the vector control entity 140 within the
access node 140 which derives these line characteristics for cross-talk cancellation.

[0036] Optionally, the obtained line characteristics may be weighted in a next step 502 according to targeted data
rates for the respective communication lines. This may be beneficial when different users of the terminal nodes have a
different service level agreement, SLA, setting out a different sustainable target rate.

[0037] Inanextstep 503, subsets of the N communication lines are selected based on the obtained line characteristics.
A first subset comprises a first communication line with a low spectral efficiency selected from the G communication
lines with the lowest spectral efficiencies. The first subset further comprises a second communication line with a high
spectral efficiency selected from the G communication lines with the highest spectral efficiencies. This selection step
may then be repeated until G subsets are selected. In a next step 504, the G subsets are then assigned to the different
G groups. This selection step may for example be performed as illustrated in Fig. 3 where 20 communication lines L1
to L20 are grouped into 5 groups G1 to G5 each containing four communication lines. First, the communication lines L1
to L20 are ordered according to their spectral efficiency, i.e. by increasing spectral efficiency from left to right, for example
from longest to shortest physical or electrical length, i.e. with decreasing physical or electrical length from left to right.
Then, the set 321 of the G communication lines with the lowest spectral efficiency and the set 324 of the G communication
lines with the highest spectral efficiency are selected. Then, the subsets are created by forming pairs each comprising
a communication line from the different sets 321 and 324, i.e. pairs L1-L19, L2-L20, L3-L18, L4-L16 and L5-L14. Each
of these pairs is then assigned to the different P2MP groups G1-G5.

[0038] Advantageously, the selection of the subsets is performed according to a certain order 301, 304, i.e. by selecting
a line from the set 321 from the lowest to highest spectral efficiency and combining this line in a subset with a line
selected from the set 324 from the highest spectral efficiency to the lowest spectral efficiency. When taking the electrical
length as indication of the spectral efficiency, this would result in combining the longest line L1 with the shortest line L19
and adding them to the first group G1, then combining the second longest line L2 with the second shortest line L20 and
adding them to the second group G2, and repeating this until the Gt longest line L5 is combined with the Gth shortest
line L14 and added to the Gt group G5. Alternatively, this combining may be done the other way around as illustrated
in Fig. 4, i.e. in a direction 401, 404 which results in a similar grouping of the lines 421 and 424.

[0039] According to an example embodiment, the selecting step 503 and assigning step 504 is performed iteratively.
This may be done by verifying after step 504 in a step 505 that two times G ungrouped communication lines are still
remaining. This is illustrated in Fig. 3 where two sets 322, 323 of five ungrouped communication lines are remaining. In
this case, steps 503, 504 are repeated thereby selecting pairs (L10, L11), (L9, L12), (L8, L13), (L7, L15) and (L6, L17)
and assigning them according to the order 302, 303 to the respective P2MP groups G1 to G5.

[0040] According to an example embodiment, the order of the selecting step 503 alternates in direction, while the
assigning of the groups is performed in the same order. For example, as shown in Fig. 3, in the first iteration, the
communication line with the lowest spectral efficiency is selected from lowest spectral efficiency to highest spectral
efficiency as indicated by direction 301 and combined with the communication line with the highest spectral efficiency
by selecting it from highest spectral efficiency to lowest spectral efficiency as indicated by direction 304 and then assigned
to the groups from G1 to G5. Then, in the second alternating iteration, the communication line with the lowest spectral
efficiency is selected from highest spectral efficiency to lowest spectral efficiency as indicated by direction 302 and
combined with the communication line with the highest spectral efficiency by selecting it from lowest spectral efficiency
to highest spectral efficiency as indicated by direction 303 and then again assigned to the groups in the same consecutive
order from G1 to G5. This alternating scheme may be advantageous when the communication lines are operated in a
full duplex mode. By this the weakest group G1 containing the line L1 also comprises the two lines L10 and L11 with
similar spectral efficiencies, which, in full duplex mode, increases the probability that these lines L10 and L11 are at
similar distance to the access node and hence may experience high mutual NEXT. By grouping them together, their full
duplex spectral efficiency increases, thereby freeing up spectrum for the weaker line L1. A similar effect is observed in
the other group G5 with the lines L5 and L6 and with the lines L17 and L14.

[0041] When the iterative steps 503, 504 are concluded, it may be further verified whether there are a number of lines
smaller than two times G that are not yet assigned to a group. In this case, further steps 506 and 507 are performed to
assign the remaining number of lines R < 2*G to the G P2MP groups. If the number of remaining lines R is smaller or
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equal than the number of P2MP groups G, then each line of these R1 remaining lines is assigned to a separate P2MP
group. Also, in this case, the order can either be from high-to-low or from low-to-high spectral efficiency. Preferably,
these R1 remaining lines are added to those groups who have the highest overall spectral efficiency, i.e. they have the
largest headroom for accommodating an additional line. If the remaining number of lines R is larger than the number of
P2MP groups G, then a number of R1=minimum(2G-R, R) lines selected from lowest to highest spectral efficiency are
individually assigned to different P2MP groups. Thereafter, the final number of remaining lines R2 = R - R1 is assigned
in pairs to the different P2MP groups as described above (using subsets of low and high spectral efficiency). This allows
further maximizing the minimum sustainable data rate of the communication lines.

[0042] The above described steps may be represented by the following italic pseudocode wherein comments are
provided non-italic and between square brackets:

N=total number of communication lines; [constant]
G=number of groups [constant]
L=group size [constant]
(N<=G*L) [condition]
R := N [temporal variable indicative for the number of remaining lines]
While R >= 2*G [corresponds to condition 505]
Pair G best with G worst lines in different P2MP groups [corresponds to
step 503 and 504]
R := R-2G [update number of remaining lines]
End (while)
R1=min(2G-R;R); [first set of remaining lines]
Assign R1 worst lines to different groups; [corresponds to step 506]
R2 := R- R1; [second set of remaining lines]

If (R2 > 0) then (Assign the remaining R2 lines pairwise to the remaining groups)

[corresponds to step 508]

[0043] When all N communication lines have been assigned to the G P2MP groups, the process proceeds to the next
step 508 wherein each line within the groups is allocated a portion of the communication bandwidth according to a
frequency division access multiple access scheme, e.g. as illustrated in Fig. 2. This frequency allocation may further be
performed separately for upstream and downstream communication when operating the communication lines according
to a half-duplex time division scheme, or jointly for upstream and downstream communication within separate upstream
and downstream sub-bands when operating the communication lines according to a frequency division half-duplexing
scheme, or jointly for upstream and downstream communication within overlapping upstream and downstream bands
when operating the communication lines according to a full-duplex scheme. In typical situations, and in case of FDMA,
within a group, the lines with lower spectral efficiency are assigned to the lower frequency bands, and the lines with
higher spectral efficiency are assigned the higher frequency bands.

[0044] A situation may occur when an additional (N+1)t" communication line is to be added to an existing grouping.
In such a case, the line characteristic of the additional communication line may be obtained and the steps 502 to 508
repeated thereby regrouping and assigning N+1 communication lines to G P2MP groups.

[0045] Alternatively, the additional communication line may be added to one of the existing G groups according to the
line characteristic of this additional communication line. For example, the additional line may be added to the group
which has on average the highest spectral efficiency.

[0046] Alternatively, one or more groups are reserved to accommodate a joining line (so called joining group). For
example, in the first iteration, a group may not be assigned a line from the set of lines with the lowest spectral efficiency.
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In this way, a joining line can always be rapidly and intermediately assigned to a joining group regardless of the line’s
spectral efficiency. If the joining line has low spectral efficiency it can be placed in a joining group. If the joining line has
high spectral efficiency, it may also be placed in another group that is not full. This may then be followed by a regrouping
step that optimizes the grouping as well as frees up new joining groups.

[0047] The steps of Fig. 5 may be performed by one or more networking entities within a communication system 101,
e.g. by an upstream network managing entity 150 or by a processing circuitry within the access node 100 itself.
[0048] By the above described grouping process, an FDMA allocation may be performed that results in a maximized
sustainable data rate for all communication lines compared with other groupings, e.g. a random grouping. Furthermore,
by decoupling the grouping process from the FDMA allocation, a complex joint optimization process that takes both the
grouping and FDMA allocation into account is avoided. Because of this, the above described grouping and allocation is
scalable to a large number of communication lines and groups. Furthermore, the above described grouping process
may be performed during an initializing process of the communication lines when line characterization metrics such as
the physical or electrical lengths are already known, but when more complex metrics for performing the FDMA allocation
are not yet known. For example, when the communication lines are operated according to the G.mgfast or G.fast
communication protocol, the grouping may be performed within less than 30 seconds during the initialization of the
communication system.

[0049] Below, the effectiveness of the above described grouping and allocation is demonstrated. A P2MP grouping
of N communication lines connected to N terminal nodes that are to be grouped into G P2MP groups is considered. For
each group, a single terminal node of that group is allowed to communicate on a certain tone during a certain time slot.
This implies that all the terminal nodes within a P2MP group share the same frequency and time resources. A particular
problem arises when all terminal nodes of a P2MP group have a sudden large traffic load. In such case, the data rate
performance of the terminal nodes can be significantly impacted as all terminal nodes share the same communication
bandwidth. This scenario may be considered the worst scenario in a P2ZMP communication system. The per-group full
load minimum sustainable rate R9:sust is defined as the data rate that can be achieved by all terminal nodes within a
certain P2MP group g when all terminal nodes are subject to full traffic load. The design objective is then to perform a
grouping and allocation such that R9:sust is maximized, i.e. to maximize the quality of service, QoS, or user experience,
QoE, under such full traffic load. The following definitions are used to further describe this optimization procedure for a
downstream communication scenario:

- Gg is the set of terminal nodes that belong to a P2MP group g;
- Gis the total number of distinct P2ZMP groups, and each terminal node is to be assigned to a single group;

n_
Xp = {0’1} is a binary FDMA and/or TDMA scheduling variable that indicates if a certain frequency band b is
allocated to terminal node n for downstream reception and wherein a frequency band may refer to a single tone or
a group of tones;
- x™9={0,1} is a binary grouping variable that indicates if terminal node n is allocated to a group g for downstream
reception;
- fiisaconversion factor between the total number of bits allocated to a terminal node and the corresponding data rate;
n
- b isthe downstream spectral efficiency of a user non afrequency band b, in case the frequency band corresponds
to a single tone, this measure can refer to the (achievable) bit loading; and
R = £, ¥B_ bPxl . .
is the data rate allocated to terminal node n under the applied FDMA and/or TDMA
scheduling.

[0050] The below optimization procedure is further restricted to a downstream scenario but may be similarly applied
in an upstream communication. With the above definitions and for a given grouping G, the per-group full load minimum

sustainable rate can be formulated as the following optimization problem in function of the binary scheduling variables

n.
xp:

RISUSE .— max min R™ subject to Vb, g: Xneg, xp < 1 and vb,n: xy €{0,1},
nebyg

wherein the objective function aims to maximize the minimum sustainable rate while considering the best possible FDMA
scheduling and wherein the constraints model that only one terminal node of the considered P2MP group is active per
tone at a certain time. Different groupings Gg, g =1, ..., G, result in different values for R9:sust, For a given group, the
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above problem can be formulated as a linear programming problem as follows:

Vg: RIS :=maxt subjecttovn: R® > ¢

and

vb, g: Znecg xp <1 and vb,n: x} €{0,1},

wherein t is a dummy variable that replaces the minimum operation. The scheduling variables are discrete of nature,

n n _
which makes the above problem difficult to solve. A further relaxation from Xp € {0’1} to Xb [0’1] results in a
standard continuous linear programming problem. For a large number of tones, the solution of the relaxed problem is
discrete of nature for more than 99% of the tones. The global design objective may then be formulated as to find the
groupings that maximize the minimum of R9:sust for all groups:

max min RY-5ust (A)
g

[0051] Alternatively, one may also consider a ratio of the data rate R" versus a target rate T". The global joint grouping
and FDMA problem may then also be formulated as the following binary non-convex optimization problem:

maximize
Rn
rr}lm {Rn,targ}
s. t.
N
Vb, g: Z xpx™I <1 (FDMA constraint)
n=1
and
N
vg: Z x™9 < L (L=max nb of terminal nodes per group)
n=1
and
G
vn: z x™9 <1 (aterminal node belongs to 1 group)
g=1
with

B
R™ = Z prx? 7 € (0,1}, x™9 € {0,1)
b=1
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[0052] The above maximization process will now be illustrated by an example with 6 Digital Subscriber Line, DSL,
loops, having respective loop lengths of 50m, 100m , 150m, 200m, 250m, and 300m. The corresponding bit loadings
601 to 606 of these loops are shown in Fig. 6. For this scenario, the minimum sustainable rates for all possible groupings
with optimized FDMA allocations have been evaluated for a group size of two. The corresponding sustainable rate
performances are shown in Fig. 7 for all grouping combinations with two terminal nodes. The thicker curve 700 corre-
sponds to the sustainable rates obtained by maximizing the above objective (A). It can be seen that the minimum of the
sustainable rates of the grouping indicated by the curve 700 is much higher (160 Mbps difference) compared to the
worst performance, where the latter corresponds to the grouping {1,2},{3,4} and {5,6}. The optimal curve performance
700 corresponds to the grouping {1,6},{2,5} and {3,4}.

[0053] This result confirms the grouping process as described with reference to Fig. 5, i.e. that grouping long lines
with short lines results maximized minimum sustainable rates. This grouping exploits the fact that long lines are active
on the lower frequencies only, whereas short lines occupy a much larger frequency range. This allows achieving higher
sustainable rates for both long and short lines, compared to grouping lines of similar loop lengths. For the above example,
by the described grouping process, the minimum sustainable rates are 160 Mbps higher when compared to the worst
case approach wherein communication lines of similar lengths are put in the same group and considering interleaved
FDMA allocations. This grouping further indirectly reduces the contention probability under high traffic because all
communication lines have higher sustainable rates.

[0054] Fig. 8 shows a suitable computing system 800 enabling to implement embodiments of the above described
steps. Computing system 800 may in general be formed as a suitable general-purpose computer and comprise a bus
810, a processor 802, a local memory 804, one or more optional input interfaces 814, one or more optional output
interfaces 816, a communication interface 812, a storage element interface 806, and one or more storage elements 808.
Bus 810 may comprise one or more conductors that permit communication among the components of the computing
system 800. Processor 802 may include any type of conventional processor or microprocessor that interprets and
executes programming instructions. Local memory 804 may include a random-access memory (RAM) or another type
of dynamic storage device that stores information and instructions for execution by processor 802 and/or a read only
memory (ROM) or another type of static storage device that stores static information and instructions for use by processor
802. Input interface 814 may comprise one or more conventional mechanisms that permit an operator or user to input
information to the computing device 800, such as a keyboard 820, a mouse 830, a pen, voice recognition and/or biometric
mechanisms, a camera, etc. Output interface 816 may comprise one or more conventional mechanisms that output
information to the operator or user, such as a display 840, etc. Communication interface 812 may comprise any trans-
ceiver-like mechanism such as for example one or more Ethernet interfaces that enables computing system 800 to
communicate with other devices and/or systems. The communication interface 812 of computing system 800 may be
connected to such another computing system by means of a local area network (LAN) or a wide area network (WAN)
such as for example the internet. Storage element interface 806 may comprise a storage interface such as for example
a Serial Advanced Technology Attachment (SATA) interface or a Small Computer System Interface (SCSI) for connecting
bus 810 to one or more storage elements 808, such as one or more local disks, for example SATA disk drives, and
control the reading and writing of data to and/or from these storage elements 808. Although the storage element(s) 808
above is/are described as a local disk, in general any other suitable computer-readable media such as a removable
magnetic disk, optical storage media such as a CD or DVD, -ROM disk, solid state drives, flash memory cards, ... could
be used.

[0055] As used in this application, the term "circuitry" may refer to one or more or all of the following:

(a) hardware-only circuit implementations such as implementations in only analog and/or digital circuitry and
(b) combinations of hardware circuits and software, such as (as applicable):

(i) a combination of analog and/or digital hardware circuit(s) with software/firmware and

(ii) any portions of hardware processor(s) with software (including digital signal processor(s)), software, and
memory(ies) that work together to cause an apparatus, such as a mobile phone or server, to perform various
functions) and

(c) hardware circuit(s) and/or processor(s), such as microprocessor(s) or a portion of a microprocessor(s), that
requires software (e.g. firmware) for operation, but the software may not be presentwhenitis not needed for operation.

[0056] This definition of circuitry applies to all uses of this term in this application, including in any claims. As a further
example, as used in this application, the term circuitry also covers an implementation of merely a hardware circuit or
processor (or multiple processors) or portion of a hardware circuit or processor and its (or their) accompanying software
and/or firmware. The term circuitry also covers, for example and if applicable to the particular claim element, a baseband
integrated circuit or processor integrated circuit for a mobile device or a similar integrated circuit in a server, a cellular
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network device, or other computing or network device.

[0057] Although the present invention has been illustrated by reference to specific embodiments, it will be apparent
to those skilled in the art that the invention is not limited to the details of the foregoing illustrative embodiments, and that
the presentinvention may be embodied with various changes and modifications without departing from the scope thereof.
The present embodiments are therefore to be considered in all respects as illustrative and not restrictive, the scope of
the invention being indicated by the appended claims rather than by the foregoing description, and all changes which
come within the scope of the claims are therefore intended to be embraced therein.

[0058] Itwill furthermore be understood by the reader of this patent application that the words "comprising” or "comprise"
do not exclude other elements or steps, that the words "a" or "an" do not exclude a plurality, and that a single element,
such as a computer system, a processor, or another integrated unit may fulfil the functions of several means recited in
the claims. Any reference signs in the claims shall not be construed as limiting the respective claims concerned. The
terms "first", "second", third", "a", "b", "c", and the like, when used in the description or in the claims are introduced to
distinguish between similar elements or steps and are not necessarily describing a sequential or chronological order.
Similarly, the terms "top", "bottom", "over", "under", and the like are introduced for descriptive purposes and not neces-
sarily to denote relative positions. It is to be understood that the terms so used are interchangeable under appropriate
circumstances and embodiments of the invention are capable of operating according to the present invention in other
sequences, or in orientations different from the one(s) described or illustrated above.

Claims

1. Anetwork element (150, 800, 100) comprising at least one processor (802) and at least one memory (804) including
computer program code, the at least one memory and computer program code configured to, with the at least one
processor, cause the network element to:

- group (501-507) N communication lines (131-137, L1-L20) between an access node (100) and terminal nodes
(111-117) into G point-to-multipoint, P2MP, groups (121-123, G1-G5) sharing a communication bandwidth (200);
- obtain (501) line characteristics indicative for a spectral efficiency of the respective communication lines over
the communication bandwidth,

- select (503) subsets comprising a first communication line with a low spectral efficiency selected from the G
communication lines (321, 421) with the lowest spectral efficiencies and a second communication line with a
high spectral efficiency selected from the G communication lines (324, 424) with the highest spectral efficiencies,
and

- assign (504) the subsets to different P2MP groups.

2. The network element according to claim 1 wherein the spectral efficiency is further indicative for the information rate
that is achievable over a respective communication line within a portion of or over the shared communication
bandwidth.

3. The network element according to claim 1 or 2 wherein the line characteristics are related to at least one of:

- physical lengths of the respective communication lines;

- electrical lengths of the respective communication lines;

- data rates achievable over the respective communication lines;

- tone bit loadings (601-606) achievable over the respective communication lines; and
- channel characteristics of the respective communication lines.

4. The network element according to claim 1 or 3 wherein the line characteristics are obtained from transceivers
(141-147) at the access node (100) and/or terminal nodes (111-117) connected to the respective communication
lines.

5. The network element according to any of claims 1 to 4 wherein the at least one memory and computer program
code are further configured to, with the at least one processor, cause the network element to weigh (502) the obtained
line characteristics according to targeted data rates for the respective communication lines.

6. The network element according to any of claims 1 to 5 wherein the subsets are selected such that the first commu-

nication line is selected from lowest spectral efficiency to highest spectral efficiency (301) and combined with the
second communication line selected from highest spectral efficiency to lowest quality spectral efficiency (304).
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The network element according to any of claims 1 to 6 wherein the at least one memory and computer program
code are further configured to, with the at least one processor, cause the network element to iteratively (503, 504,
505) select and assign a first communication line from the further G communication lines (322, 422) with the lowest
spectral efficiency together with a second communication line from the further G communication lines (323, 423)
with the highest spectral efficiency.

The network element according to claim 7 wherein, for each iteration, the first communication line is selected from
lowest spectral efficiency to highest spectral efficiency (401, 402) and combined with the second communication
line selected from highest spectral efficiency to lowest spectral efficiency (404, 403).

The network element according to claim 7 wherein communication lines are selected and assigned such thatiterations
alternate between selecting the first communication line from lowest spectral efficiency to highest spectral efficiency
(301) combined with selecting the second communication line from highest spectral efficiency to lowest spectral
efficiency (304) and, in a next iteration, selecting the first communication line from highest spectral efficiency to
lowest spectral efficiency (302) combined with selecting the second communication line from lowest spectral effi-
ciency to highest spectral efficiency (303).

The network element according to any of claim 7 to 9 wherein communication lines are selected and assigned such
that, upon a last iteration (507), remaining communication lines (422) with the lowest spectral efficiency are selected
together with the remaining communication lines (423) with the highest spectral efficiency.

The network element according to claim 7 to 9 wherein communication lines are selected and assigned such that,
upon a last iteration (506), remaining communication lines are individually assigned to different groups.

The network element according to any of claim 1 to 11 wherein the at least one memory and computer program
code are further configured to, with the at least one processor, cause the network element to, after the grouping
and upon joining of an additional communication line:

- obtain the line characteristic of the additional communication line;
- assign the additional communication line to one of the G P2MP groups according to the line characteristics of
the communication lines.

The network element according to any of claim 1 to 11 wherein the at least one memory and computer program
code are further configured to, with the at least one processor, cause the network element to, after the grouping
and upon joining of an additional communication line, regroup the N+1 communication lines into the G point-to-
multipoint, P2MP, groups.

The network element according to any of claim 1 to 13 wherein the at least one memory and computer program
code are further configured to, with the at least one processor, cause the network element to allocate (508) frequency
bands (211-213, 214-215, 216-217) and/or time slots to the communication lines in the respective G point-to-
multipoint, P2MP, groups.

A method comprising:

- grouping (503, 504) N communication lines (131-137, L1-L20) between an access node (100) and terminal
nodes (111-117)into G point-to-multipoint, P2MP, groups (121-123, G1-G5) sharing a communication bandwidth
(200);

- obtaining (501) line characteristics indicative for a spectral efficiency of the respective communication lines
over the communication bandwidth,

- selecting (503) subsets comprising a first communication line with a low spectral efficiency selected from the
G communication lines (321, 421) with the lowest spectral efficiencies and a second communication line with
a high spectral efficiency selected from the G communication lines (324, 424) with the highest spectral efficien-
cies, and

- assigning (504) the subsets to different P2MP groups.

12



EP 3 713 143 A1

o
N
-—

-
N
-

. u == bl orl
1
51 L m
i
i [ ]
i | %€l —, —
1 oLl :
1
R e S ;
................ 5
" Gl ;
: "
. 001
i i vEL — o
I bl 1
ey "
| R ——
'IIIIIIIIIIIIIIIIJ
i I gel —, —
i Ll :
I i
i I ’
I i
i i zel —, —
i AN !
i !
i !
el
m 1Ll m g 2 24
S erererere o€l Ll/\

A

A 4

0s1

LOL

13



EP 3 713 143 A1

AN L

3

yAR4

A

9i¢

A

Gie

A

vic

A

1424

A

[4%4

I

374

10¢

LE1

ot

Gel

el

€el

Zel

el

J\

> €zl

>zl

> 1zl

00¢

14



EP 3 713 143 A1

SO 169] €9 49] 19

OGO

€9 79 19

1o 29 €0 19 [49]

[
»

€0 O G99

00000,

1244 1244

1444

(X474

» «

i
I
I
19 9 € ¥O )l vo € o 19
I
I

OGO

A\ J \\ J

19 79 €9 O g9

OOEOO®

. J

9] O €0 29 23]

OGO

Y Y
yZe €2¢

ece

Lece

15



EP 3 713 143 A1

9

"Bi4

ek R G on E R s B R N B R B

¢09

€09

——

-

909

—
E

R

o
-

Gl

{uq] Buipeoj ug

805 —,

SNOILVIOT1V VINAL/VINGA

A

SaANI 2

NOISSV

A

908 —,

SIANIT 1

NOISSY

G0S

sok

ou

SdNOoYO
0Ol 81389NS NOISSVY

A

€08 —,

A 4

§13849Ns © 1041ds

208 —,

A

SOILSRIFLOVYUVHO
ANIT HOIFM

10§ —,

A

SOILSRFLOVHVHO
AN NIvlg0

G ‘b4

16



EP 3 713 143 A1

g ‘b4

0€8 028
4 A A
808
) 4
s,
cie _ vig 908 | o0
A A F 3
A 4 \ 4 A\ 4
A y
A 4 A h 4
_ 918 wm 208 w
08

0v8

008

g

vud pvy

8 R B

g

{edgpg] seiel sjqeuIBISnS WINLIUIAY

17



10

15

20

25

30

35

40

45

50

55

EP 3 713 143 A1

9

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

w

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 16 4744

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X WO 20127018288 A2 (ERICSSON TELEFON AB L M|1-15 INV.
[SE]; LU CHENGUANG [SE] ET AL.) HO4L5/00
9 February 2012 (2012-02-09) HO4B3/32
* paragraph [0068] - paragraph [0069] *
* paragraph [0079] - paragraph [0080] *
* figure 6 *
A WO 20097014764 Al (TEENAY WIRELESS INC 1-15
[US]; LEROUDIER FREDERIC [US])
29 January 2009 (2009-01-29)
* paragraph [0045] - paragraph [0050] *
A EP 3 439 189 Al (NOKIA SOLUTIONS & 1-15
NETWORKS 0OY [FI])
6 February 2019 (2019-02-06)
* paragraph [0011] *
TECHNICAL FIELDS
SEARCHED (IPC)
HO4L
HO4B
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

The Hague 25 October 2019

Colzi, Enrico

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

18




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 713 143 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 19 16 4744

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

25-10-2019
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2012018288 A2 09-02-2012  EP 2601747 A2 12-06-2013
US 2013142319 Al 06-06-2013
WO 2012018288 A2 09-02-2012

WO 2009014764 Al 29-01-2009 US 2009029645 Al 29-01-2009
WO 2009014764 Al 29-01-2009

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

19



	bibliography
	abstract
	description
	claims
	drawings
	search report

